Point and nonpoint sources contribute to fecal contamination of surface waters by human pathogens that exist at low concentrations and are difficult, expensive, and/or impossible to easily detect. Therefore, fecal indicator bacteria (FIB) are used as surrogates in identification of fecal contamination, including Escherichia coli (EC) and Enterococcus spp. (ENT), at recreational beaches to protect from adverse health effects from exposure to water-borne pathogens. The objective of the current study was to conduct a preliminary investigation of the environmental processes contributing to the nature and significance of FIB (EC and ENT) over 30 d at Sandpoint beach (Windsor, Ontario)
INTRODUCTION
The Great Lakes are among the world's largest freshwater bodies and are used for drinking, recreation and commercial and industrial purposes by more than 30 million people ( Figure 1) (Wong et al. ) . There are more than 1,300 beaches along these Great Lakes that are impacted by both human and animal fecal contamination, which creates the potential for human health risks and recreational losses, as well as impacting local economies that may rely on tourism.
Of these beaches, approximately 30% had advisories, post- Additionally, water bathers may contribute directly to FIB and pathogen levels via skin contact and fecal shedding/ release, as well as through movement of beach sands and sediments.
In Canada, information about recreational water safety is available in the Guidelines for Canadian Recreational Water Quality (GCRWQ; Health and Welfare Canada ) with a more recent draft third edition available (Health Canada ). Under these draft guidelines, the FIB Escherichia coli (EC) and Enterococcus spp.
(ENT) are considered as the most suitable for recreational water monitoring since they have been correlated via The objective of the current study was to conduct a preliminary investigation of the environmental processes contributing to the nature and significance of FIB (EC and ENT) contamination at two beaches in Essex County, Ontario, including SPB (Figure 2 220,000 inhabitants) and HDB located within a regional conservation area. In addition, the beaches are geographically close (ca. 40 km apart), with similar weather patterns. Specific objectives included the quantification of EC and ENT over a 30 d interval and the determination of correlations between these FIB. Additionally, the correlations between both FIB and measured physicochemical and hydrometerological parameters (dissolved oxygen (DO), pH, conductivity, seagull and geese numbers, turbidity, wave height, rainfall, water/air temperature and wind velocity/direction) were investigated and compared to relevant historical data.
MATERIALS AND METHODS

Site description
SPB is located at 10300 Riverside Dr. E., Windsor, Ontario (Figure 2(a) ). The public beach measures approximately 500 m and lies at the southwest source of the Detroit River exiting from Lake St Clair abutting the shipping channel entering the Detroit River. Three sampling points were chosen, designated left, center and right at regular intervals along the beach width. HDB is located at 6952 County Rd 50, Amherstburg, Ontario (Figure 2(b) ). The public beach measures approximately 600 m and lies at the southern mouth of the Detroit River flowing into Lake Erie. Three sampling points were chosen at regular intervals along the beach width designated left, center and right.
Sampling protocol
Samples were collected on 30 consecutive days between the hours 8:00 and 12:00 (10 August 2010 to 8 September 2010).
Three 100 mL samples were collected for each of EC and ENT at locations designated in Figure 2 into sterile 100 mL polystyrene bottles. When possible, samples were taken at ca. 15-30 cm below the water surface at a total depth of 1-1.5 m. When the depth of water is less than 1 m, samples were taken from as far offshore as possible (Figure 3(c) ; Table 3 ). Over a 4 year interval, SPB EC exceeded potential risk and closure on 58 and 2% of sampling days, respectively (Table 3) FIB surrogate measures including turbidity, wave height, water temperature, rainfall and wind direction are plotted for HDB ( Figure 4 ) and SPB ( Figure 5 ). Pearson's r correlations between these parameters, as well as air temperature, wind velocity, geese and gulls are presented in Table 2 .
The average turbidity (50 nephelometric turbidity units (NTU)) and wave height (0.26 m) for HDB were markedly higher than SB (14 NTU and 0.07 m), which can be attributed to differences in hydrodynamics for these beaches that are on different water bodies (Figure 1 ). HDB is located at the downstream mouth of the Detroit River where the current may lead to sediment resuspension along the shore.
SPB turbidity is quite low since most high turbidity in
Lake St Clair is in the Eastern basin and its location has minimal wave impact. Turbidity may increase locally in response to bathers; however, increases with bathers were not found for the current beaches, which were sampled in the morning prior to peak bathing times. Turbidity and wave height are positively correlated with both EC and ENT concentrations at each beach in seven of eight correlations (p < 0.10), as well as closely correlated in the remaining correlations (p ¼ 0.108) ( 
